ABSTRACT A "washing machine" was developed to recover spider mites, Tetranychus spp., from multiple-leaf samples of cotton, Gossypium hirsutum L., and procedures were developed to recover and count them. The equipment and procedures are described, and data are presented to verify the accuracy and efficiency of our leaf wash technique. The equipment and procedures have also been used for recovery and counting of insects and spider mites on grain heads and leaves of a variety of plant types.
RELIABLE ESTIMATES of pest and beneficial arthropods are an essential element in the management of pest arthropods. For many insect and spider mite pests, direct counts of the developmental stages are made on foliage with the aid of magnification. Worker fatigue when using this method to count spider mites can result in much counting error. Smith and Little (1954) developed a leaf punch that enabled random or selective removal of portions of plant leaves on which spider mites were counted. This method was subject to individual bias that could lead to major differences in sampling results. A brushing machine was developed by Henderson and McBurnie (1954) that removed the mite stages from foliage and deposited them on a glass plate for later counting under a microscope. Although this method has worked well in many instances, the leaves of some plants such as cotton may be torn by the machine or may fold during the brushing process, and some mites may not be removed. In addition, when leaves have dust deposits, this dust is also transferred to the glass plate, where it may interfere with counting.
Harvey (1954 developed a centrifuge technique that recovered a proportion of the spider mite population from wheat, but did not provide a full measure of the stages, particularly eggs and molting forms. Jones and Prendergast (1937) , and later Henderson (1960) , developed leaf-washing methods for recovery of spicler mites from foliage, citrus fruits, and soil. We have used direct counts, brushing machines, and the washing procedures developed by Andres (1957) . The method of Andres, that of washing leaves in a sodiiim hypochlorite solution i n 2-quart (ca l.g-liter), \vide-moiith hI,ison jars and recovering the spicler mite stages 011 filter paper, \vas more satisfactory than the others, but dust from the leaves often interfered with locating and counting the mites, particularly the egg stage. When kerosene was added to this solution after the leaves had been removed, and the jar contents were agitated vigorously, the spider mites jvere separated into the kerosene, arid the dirt \I as left i n the u ater phase. However, the procedure was slow and would accommodate only 10 cotton leaves per sample. Although each method has utility under particular circumstances, all are tedious and subject to counting error.
We developed a leaf-washing process similar to that of Scriven and McMurtry (1971) which enabled us to handle numerous samples per day. This method provided a high degree of mite recovery, free of dirt and sand. Described herein is a leafwashing machine and how it is used for spider mite removal and recovery. A modification for a Buchner funnel to improve spider mite recovery is also described, as is our counting procedure.
Materials and Methods
Leaf-Washing Machine. The leaf-washing machine ( Fig. l ) consists of a washing tank with two water solution inflow jets that create a rolling motion to the washing solution, an additional inlet that provides flushing action, flow rate control valves, an outflow pipe through which the spider mites are carried into sieves by solution flow, a basin that catches the solution after the mites are removed through the series of sieves, and a pump (not pictured) which returns the washing solution from the catch basin to the Lvashing tank through the jets. The washing tank is constructed from a 20-cm length of 30.5-cm-diameter polyvinyl chloride (PVC) irrigation pipe. The cut ends of the irrigation pipe are closed with PVC caps constructed for use with this pipe. A hole (22 by 13 cm) is cut into the top for filling n.ith solution and for introduction and removal of the plant leaves This tank is fastened by means of steel straps to t\vo supports made of JO-cm lengths (6 by 12 cm) of M.ood, notched to form a saddle. A 6.33-cm hole cut in one cap, \vith the lou.er edge positioned 5.7 cm below the access opening, is fitted uith a 15-cm length of 6.0-cm-diameter PVC irrigation pipe which is "glued" into this hole flush with the inner tank surface to provide a drain spout from the tank. A 1-cm hole, drilled in the opposite end of the tank in line with the drain and positioned ca. 6 m m below the normal water level, provides flushing action by the washing solution that is introduced through this hole. This hole is tapped and a %-in. brass elbow is screwed into place.
The washing solution inflow jets are connected to a manifold constructed from x6-or ?&in. brass Ts and Ls fitted with bushings and fastened to one side of the tank immediately below the access opening. Two 20-cm sections of %-in. copper tubing are fitted into this manifold and bent into a " U " shape over the edge of the tank opening to extend to ca. 12 mm below water level near the inner wall of the tank. The end of the tubing extending into the tank is crimped to reduce solution flow rate and to create a wide, flat jet which will enhance the rolling action in the solution.
The flushing opening and the jet manifold are connected by %,-in. rubber pressure hose to a fluid pump fitted with a pressure regulator valve. Both the flushing fitting and the washing jets are provided with line valves which, in combination with the pressure regulator at the pump, permit control of washing action and solution flow rate.
Our pump unit consisted of a Tee1 close-coupled rotary gear pump with a 0.5-hp (ca. 373-W) motor. This particular unit is noisy. Other units on the market may be more appropriate for a laboratory where noise would present a problem. The tank and overflow basin are filled with a 0.4% sodium hypochlorite solution to which 3 drops of a nonfoaming wetting agent (Joy, Proctor & Gamble, Cincinnati, Ohio) is added. The pump is started, and the plant leaves are then added to the tank. (For our purposes, 25 leaves are collected at random from the eighth mainstem node below the apical cotton plant terminal [Wilson et a] . 19811 .) The jet valve is adjusted to provide a mild rolling action to the washing solution and leaves. The flushing valve is similarly adjusted to provide a slow rate of flush across the surface of the tank. After 10 min the leaves are removed with large forceps or a screen ladle and the jets are turned off. At that time, the flushing flow rate is increased (Scriven and McMurtry 1981) , which are provided to collect trash and the spider mite stages. The flushing action is continued for ca. 10 min, with the sides of the tank and drain spout washed down two times with a wash bottle containing wash solution to remove any mites that may have collected on the PVC walls.
Sieves. The sieves are constructed of plastic plant pots, the bottoms of which have been removed.
Thirty 60-, loo-, or 200-mesh screens are fastened to the bottoms of the pots by heating the screen on a hot plate and pressing the pot onto the hot screen (while on the hot plate). This provides a good seal of the screen to the plastic. With a file, the screen is then trimmed flush with the outside of the pot to permit stacking. These screen sizes are selected to collect. trash on the 30-mesh screen, adults, some deutonymphs, and quiescent deutonymphs on the 60-mesh screen; some adults, but predominantly deuto-arid protonymphs on the 100-mesh screen; and larvae and eggs on the 200-mesh screen. In nearly 100 leaf wash samples, the 60-mesh screen collected 73% of the females, 15% of the males, and 1 of the immatures; the 100-mesh screen collected 27% of the females, 82% of the males, and 60% of the immatures; and the 200-mesh screen collected 3% uf the males, 29% of the immatures, and all of the eggs. Immatures collected on the 60-mesh screen were predominantly the quiescent stage of the deutonymph, whereas the immatures collected on the 200-mesh screen were largely larvae. If desired, the intermediate sieves can be omitted, the 30-mesh sieve can be used to collect trash, and the 200-mesh screen can be used to collect all spider mite stages.
Spider Mite Recovery. After a sample of leaves is washed, the collecting sieves are separated, and the outside walls are washed down into the sieve below. The inside walls are washed down, and the three sizes containing spider mites are placed in a shallow bath of 70% ethanol to immobilize the active spider mite stages. Each screen is then reverse flushed with a wash bottle into a Buchner funnel onto a 9-cm Whatman no. 4 filter paper. Since spider mites initially were lost in the filtering process, a 9-cm (OD) PVC ring cut from that size pipe is placed on the filter paper to form a seal to hold the filter paper firmly in place. The spider mites that collect on the PVC ring are flushed off, onto the filter paper, with a wash bottle. During this final washdown process, distribution of spider mites on the filter paper can become clumped. This can be overcome by practicing this step of the procedure, and particularly by a washdown before all fluid has been removed. The filter papers, which have previously been number coded with a lead pencil, are removed and placed into a 90-mm plas- To test the efficiency of the washing machine, spider mites were counted on 25 leaves in each of 37 samples, the leaves were subsequently washed, and the recovered spider mites were counted. In addition, washed leaves were examined for the presence of spider mites in their several developmental stages, and the washing solution remaining in the washing tank and the overflow solution were flushed through the sieves to recover spider mite stages.
Spider Mite Counting. A counting grid (Fig. 2 ) was developed to provide orientation while the spider mites were being counted on the filter paper. This grid permitted subsampling areas of the filter paper for counting spider mites on the paper when large numbers had been collected. A strip of "pressboard" (1 cm wide by 42 cm long) was formed into a circle with a circumference of 28.27 cm, which was small enough to fit inside the plastic petri dish. The overlapping layers of this strip of pressboard were glued together and thoroughly coated with a plastic glue. A grid of black cotton threads spaced uniformly at 1-cm intervals was then glued to the pressboard ring. This counting grid could then be placed in the petri dish on top of the filter paper containing the spider mites. The spider mite stages were then counted with the aid of a stereomicroscope under desired magnification (10 to 2 0 x ) . Because the spider mites recovered were often very numerous, a subsample system was developed to reduce counting time. With the counting grid oriented so that the intersecting lines are vertical and horizontal, vertical and horizontal rows of nine squares will intersect, with the center square being common to both. This subsample area is 17 cmz.
Because the total area is 63.62 cm2, the total number of mites can be calculated b) multiplying the number of mites in the subsample by 3 742 sented in Fig. 3 . Our results confirm that rinse counts are comparable to those observed through leaf counts. In recovering spider mites through the Buchner funnel, we found that variable numbers of several stages (0.0 to 5.9%) were washed under the filter paper and into the Erlenmeyer flask during the filtering and nashdown process. This was particularly true of the smaller stages (larvae and eggs). When the PVC sleeve \vas inserted into the Buchner funnel on top of the filter paper, we were able to reduce this filtering loss to 1% or less (Table l).
The pump system that u e have used is capable of supplying two or three washing machines by the development of a simple-solution distribution manifold. These machines can be arranged around
Results and Discussion
A comparison of spider mite numbers by a direct count on the cotton leaves and their subsequent recovery b, the leaf wash method is pre- We have utilized this washing machine for recovery of spider mites, Tetranychus spp., the western flower thrips, Frankliniella occidentalis (Pergande) , and the greenhouse whitefly, Trialeurodes vaporariorum (Westwood) from cotton. We are confident that it will be as effective for recovering aphids and other small arthropods from other crops as are the methods of Jones and Prendergast (1937) and Henderson (1960) . Many of the active stages of the spider mites survive by this recovery method. We believe that it can, therefore, be utilized as a substitute for the method of Scriven and McMurtry (1971) to recover spider mites that can be used as prey for several predators, if not for other types of research. Use of the centimeter grid aided greatly in counting spider mites and thrips by providing orientation on the filter paper, and by providing for subsample counting. Regression of the mite numbers calculated from subsamples against total sample counts for all samples collected on two sample dates ( n = 49) is presented graphically in Fig. 4 ( r = 0.92). When spider mite numbers are low (less than 40 females per sample), a count of the entire grid appears to be advisable. When they are more numerous, counting a portion of the grid as indicated above, and multiplication by the appropriate correction factor (3.742), provided a reliable estimate of numbers. The cost of producing the washing machine that we describe will depend on the cost of materials, which will be highly variable depending on the suppliers of parts. This should not exceed $110 for the tank assembly and plumbing, and could be as much as 45% less. Several types of pumps are available for between $90 and $125, and a set of sieves will cost about $20 to $30. The manufacturing process requires about 1 day.
